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minerals increases the output in slurry. Even if this does not pose a real threat to the environment, recent difficulties concerning the supplementation of pig diets with copper suggest that the suspicion that it might do so could lead to restrictive EEC legislation. Two methods have been used to assess the mineral requirements of pigs. These are generally known as the empirical method and the factorial method. Recommendations are usually based on the composite evidence obtained by the two approaches.
Empirical observations
Much information on mineral requirements has been amassed from trials in which different levels of an element have been fed in order to determine the level which satisfies some criterion or criteria of adequacy. There are dangers in attempting to determine from the results an average requirement which is generally applicable. Even where there is sufficient information to indicate averages for different live-weight classes of pigs, different experimental conditions give quite different results. Furthermore, a single value is of doubtful use given the diverse feeds, feeding systems and management systems prevailing throughout the pig-keeping industry.
A more important question concerns the selection of appropriate criteria for assessing adequacy. In the past the usual yardsticks have been health, daily gain and feed:gain ratio. It is questionable whether these are adequate for all elements.
In relation to Ca and P requirements it has become increasingly common to consider bone factors such as mineral content and breaking strength. The dietary requirements for these elements is considerably higher if maximum bone mineralization or maximum breaking strength is the criterion, rather than maximum daily gain. But is it necessary to maximize these bone factors?
The diverse experimental conditions and factors measured have led to a very wide range in estimates of requirements. T o consider a few of the reports on Ca requirement of 20-90 kg pigs which have appeared since the publication of the Agricultural Research Council (1967) possible that different conclusions may be drawn depending on the sample bone chosen for study : Schroeder et al. (1974) found that for maximum bone breaking strength the required dietary Ca level was 1 2 g/kg for the femur but only 7.5 g/kg for a metacarpal. The higher levels of Ca apparently required for optimum bone development conflict with evidence that higher levels may depress growth rate. In 
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Factorial calculation of requirements
The dietary requirement for a mineral element can be expressed as an equation relating the factors involved in its absorption and metabolism. A simplified diagram illustrating the main aspects of mineral metabolism is given in Fig. I . The animal's net requirement for an element is the sum of storage in the body, product loss (milk) and obligatory endogenous losses in faeces and urine (plus any losses in skin and hair). The amount of the element which must be included in the diet to ensure that the net requirement is met is related to the net requirement by the availability of the element. Thus: net mineral requirement mineral availability Dietary requirement for a mineral = I 88 SYMPOSIUM PROCEEDINGS
I 980
The danger in simplifying requirements in this way is that the expression implies a constant relationship. A great deal of confusion surrounds the use of the terms net requirement and availability and too often it is mistakenly implied that they are constants, irrespective of the conditions under which they are measured.
Net mineral requirement. The storage with growth or retention of an element can be measured by carcase analysis and by mineral balance experiments. The two methods do not always give good agreement. For example, Just Nielsen (1972) found that carcases of pigs contained 15% less Ca and 3970 less P than was indicated by balance studies conducted during the growth of the same animals. In addition to errors of measurement it should be remembered that the amount of an element retained depends to some extent on the amount ingested. In the instance of Ca this is implicit in the empirical evidence on bone mineralization discussed previously, and has also been clearly demonstrated in young pigs by Blair & Benzie (1964). This means that in order to use the factorial method to determine requirements accurately it is necessary to define what constitutes an appropriate level of retention of each element. At present this can only be done by arbitrary assessment.
The other major component of the growing pig's net requirement for an element is the obligatory endogenous loss. As shown in Fig Urinary excretion can be measured directly and faecal endogenous loss can be measured by radioisotope procedures but it is not possible to distinguish between the obligatory and surplus components of either. The obligatory loss of Ca has been estimated by regression of retention TI. intake and extrapolation to zero intake (e.g. Thorbek, 1960; Mudd et al. 1969) .
I would like to consider an alternative approach to the determination of net mineral requirements. This might form the basis of a practicable method, but it is presented more as a means of illustrating the principles involved. It should be possible to determine the net requirement for an element by including a range of levels of a soluble salt in a purified diet and determining the level of intake at which homoeostatic mechanisms begin to operate to limit accumulation of the element in the body. At intake levels which are insufficient to satisfy the net requirement, excretion of the element in urine and faeces should be at a minimum and equal to the obligatory losses, So and Uo in Fig. I . This assumes that the true digestibility of the element is 1 . 0 0 in these circumstances.
This was the situation for Ca and P absorption in a study on rats reported by Whittemore et al. 
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Future perspectives in pig nutrition 189 met, total excretion of the element in urine plus faeces will increase. This may be achieved in a number of ways: absorption ( A , As) may decrease, faecal endogenous secretion (S) may increase due to the Ss component and urinary excretion may increase due to the Us component.
This procedure would in effect allow the homoeostatic mechanisms of the pig to dictate the appropriate level of mineral retention. Whether this would correspond with the nutritionists view of optimum retention would have to be tested experimentally but at least it is an objective assessment. There is evidence to show that Ca retention does continue to increase with increasing intake while efficiency of retention decreases (e.g . Mudd et al. 1969) . In applying the procedure it would be important as with all mineral studies to take into account interactions between elements.
Mineral availability. The difficulties associated with the concept of availability have been discussed by Thompson (1965). First there is confusion in terminology. Terms such as availability (true and apparent), utilization, digestibility (true and apparent), absorption and retention continue to be used synonymously or given different definitions by different authors. Secondly, there are two overlapping but different concepts of availability. Some consider availability to be a characteristic of a particular source of an element. Others consider it to be a measure of the metabolic state of the animal. In fact both aspects are important. In estimating mineral requirements factorially it must be remembered that on the one hand the proportion of an element that can be extracted by digestion and absorption differs from one source to another; on the other hand the amount that is absorbed and utilized depends on the metabolic demands of the animal. It follows from the latter that availability will be reduced as intake increases above the required level for elements whose absorption is regulated homoeostatically. A clear example of this is given by Whittemore et al. (1973) who found that in rats given purified diets Ca availability, measured by three different radioisotope procedures, decreased from approximately 1.00 at low intakes to approximately 0 . 2 8 at a high intake.
In view of the these considerations, availability is best defined as that proportion of a stated amount of an element ingested in a given source or diet which is absorbed and utilized by the animal to meet its net requirement.
In the hypothetical method for measuring net requirement discussed previously, availability as a characteristic of the dietary source is excluded from the argument by considering only a source which could be completely absorbed and utilized to meet the metabolic demand. However, the availability of the source is a very important factor in the formulation of practical pig diets. It has been a common practice to measure the availability of a mineral element in mixed diets containing inorganic supplements, often providing a total dietary level of the element in excess of the supposed requirement. This is misleading due to the confounding of the two aspects of availability described previously. The value determined in this way tends to underestimate the potential of the source or sources since absorption is restricted homoeostatically, for some elements at least. A more logical way to evaluate a source or mixed sources is to measure availability from the
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unsupplemented ingredients, which will give a maximum value. This, together with a knowledge of the net requirement, will allow the appropriate level of supplementation to be calculated.
Absorption and metabolism of Ca and P It is clearly very difficult to separate the practical aspects of mineral nutrition from the underlying processes of absorption and metabolism. In recent years considerable progress has been made in understanding these processes, particularly concerning Ca and P. While much of this work has been done with small laboratory animals, I will briefly review some of the work in pigs.
Besancon & Gueguen ( found that true absorption of Ca was 0.45 of that ingested; 0.17 of total faecal Ca was of endogenous origin; 3.4 g C d d was retained. Total accretion of Ca (bone anabolism) was calculated to be 10.7 g/d and resorption (bone catabolism) was, therefore, 7.3 g/d. Of the total accretion, 0.46 was of endogenous origin due to recycling of bone Ca, indicating the capacity of bone to renew itself. The total exchangeable Ca pool was estimated to be 24 g. Similar models for other elements would be of considerable value but the metabolism of most elements is more complex than that of Ca. Of the total body Ca 0.99 is deposited in bone but other elements have more diverse metabolic functions.
Chronic cannulation of the intestine has been used to study sites of absorption and secretion of mineral elements and the effects of diet composition. Thiry-Vella loops of intestine have been used to study the mechanisms of Ca and P absorption and their control in pigs. These absorption studies have recently been reviewed by Partridge ( I 980).
The absorptions of Ca and P (amongst other elements) were measured in growing pigs fitted with single re-entrant cannulas in the duodenum, mid-jejunum or terminal ileum, and over-all absorption was measured in non-cannulated pigs by Partridge (1978a). The mean live weight of the pigs was 40 kg. The diets compared were based on barley, weatings and fish meal (diet BWF) or starch, sucrose and casein (diet SSC). It was shown that the small intestine was the main site of Ca and P absorption but there were differences between diets in the relative importance of the regions anterior and posterior to the mid-jejunum. With the cereal diet (diet BWF) the proximal region of the small intestine was the more important. 
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In studies with pigs fitted with ileal re-entrant cannulas Partridge (19786) showed that dietary fibre level may have important effects on the absorption of Ca and P. The pigs were given semi-purified diets containing cellulose at either 30 or 90 g/kg. For the low-cellulose diets the apparent absorption (faeces measurements) for Ca and P was 0.74 and 0.81 respectively; corresponding values for the highcellulose diet were significantly lower at 0.63 and 0.74 respectively. Ileal digesta measurements showed that the difference was entirely due to reduced absorption of these elements from the large intestine. Other elements were similarly affected. Reduced mineral absorption due to dietary fibre has been observed in other species. This could have practical relevance in the use of bulky feeds for pigs.
Ca metabolism is chiefly regulated by parathyroid hormone (F'TH), calcitonin (1977) found that the efficiency of net absorption of Ca from isolated jejunal loops was increased in response to a decrease in dietary Ca level from 12 to I g/kg in both intact and parathyroidectomized pigs. However, this dietary change reduced the mucosal content of Ca-binding protein only in intact animals. This showed that enhanced absorption in response to a low-Ca diet is not dependent on PTH and does not necessarily involve Ca-binding protein.
Fox et al. (1978)
have also studied the effects of altering the concentrations of Ca and P in the perfusate on their absorption from Thiry-Vella loops of jejunum. For Ca, as the concentration increased at low levels absorption rate increased rapidly whereas at higher levels the increase in absorption rate was much slower. The two phases of absorption probably correspond to active absorption against a concentration gradient at low luminal concentrations and passive absorption at higher concentrations. Absorption of P does not follow the same biphasic pattern: as P concentration in the perfusate increased, P absorption increased but at a decreasing rate. The absorption of Ca was unaffected by the presence of P but Ca enhanced the absorption of P. Some interesting studies on the kinetics of P absorption in pigs have been reported by Gueguen and associates (Gueguen & Rerat, 1967 ; Gueguen e t a l . 1968; Gueguen et al. 1970) . By studying the variations in plasma radioactivity after giving 3zP intravenously or orally Gueguen & Rerat (1967) showed that absorption of P given as disodium phosphate commenced 10-15 min after the animals started to eat. Absorption of soluble P was exponential during the first 2 h: half was absorbed during the first 30 min after feeding. Gueguen et al. (1968) compared the absorption of 32P given either as disodium phosphate or as activated wheat bran. True digestibility was 0.71 for the former and 0.37 for the latter. The
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efficiency of retention of absorbed P was lower for wheat bran than for disodium phosphate. It was thought that this was due to the longer time taken to digest and absorb the phytate-P of wheat bran. A hypothesis was proposed suggesting that the simultaneous absorption of Ca and P would favour their maximum retention. and Ca were infused together retention of 32P was increased to 0.80 of the dose.
It seems that in the next few years basic studies of mineral absorption and metabolism should lead to a better understanding of these processes. This in turn should allow a more rational approach to the determination of mineral requirements.
